Gestation length in a colony of pipistrelle bats varied by 10 days in two consecutive years when the weather conditions during early gestation differed appreciably. Plasma progesterone concentrations and corpus luteum volume increased during pregnancy to reach a maximum about 6 days before the first births. Pipistrelles maintained high body temperatures during pregnancy if the food supply was adequate. The rate of fetal development therefore appears to be determined by maternal body temperature, which becomes reduced by shortage of food in cold weather.
Introduction
It is a dogma of reproductive biology that gestation length within a species is fixed largely by fetal genotype (Kirby, 1963) , is constant, and is strongly resistant to alteration by environmental influences (Racey, 1980) . Since homothermy renders most mammals to a large extent independent of environmental temperature, any effects which this variable may have on gestation might manifest themselves in those species which do not maintain a constant body temperature. Such is the case with heterothermic bats. Racey (1973) showed that groups of palpably pregnant pipistrelles that were deprived of food and maintained in environmental temperatures of 5 and 10°C for up to 14 days became torpid. When restored to an unlimited supply of food and ambient temperature, the bats resumed normal activity but their mean date of parturition, compared with that of control groups maintained in a simulated bat roost, was delayed by 14 days, demonstrating that fetal development was halted for the duration of torpor. In groups of bats that were given an unlimited supply of food and maintained in a range of temperatures of 5-35°C for up to 21 days, fetal growth was significantly slowed at 5°C and significantly accelerated at 30 and 35°C.
These laboratory experiments suggest that the rate of fetal growth in wild populations of heterothermic bats may vary according to the external conditions of food supply and temperature. The present investigation tests this hypothesis, and examines the relationship between luteal function, thermoregulatory ability and food supply.
Materials and Methods Animals
A colony of about 300 pipistrelles occupies an attic in a house at Aboyne, Aberdeenshire (57°05'N, 2°47'W) during the summer. At the expected times of ovulation and parturition during 1978 and 1979 the roost was visited every 2 days, and between these events visits were made every 5 days. At each visit, the temperature was recorded at dusk and 6 parous females were caught in a hand net as they left the roost to forage on flying insects. During 1978 and 1979, insect suction traps utilizing a 30-cm fan (Johnson & Taylor, 1955; Burkhard Manufacturing Company, Rickmansworth, Hertfordshire) were operated throughout the night beside the River Dee, at localities where pipistrelles forage extensively.
Captured bats were taken to the laboratory and killed by decapitation. Blood was collected into heparinized tubes and centrifuged, and the plasma was stored at -20°C until assayed for progesterone.
Reproductive tracts from bats in early pregnancy were fixed in acetic-formol-alcohol (3:1:1 by vol.), serially sectioned at 6 pm and stained with haematoxylin and eosin. The ovaries were examined for signs of ovulation, and the oviducts and uteri for conceptuses. Later in pregnancy fetuses were removed from the uteri and weighed, and the fetal growth rate was calculated by the formula proposed by Huggett & Widdas (1951) . The ovaries were fixed in Bouin's fluid, serially sectioned at 6 µ and stained with haematoxylin and eosin. From these sections, the volumes of the corpora lutea were measured as described by Rowlands & Heap (1966) .
The presence of blood on the vulva of bats that were caught in hand nets was taken to indicate that parturition had recently occurred. Such bats also showed development of mammary tissue.
Of the pipistrelles captured from the Aboyne roost, 25 parous females in early pregnancy were established in the laboratory, where they were trained to feed on mealworms (Racey, 1970) . At intervals of 4 days throughout pregnancy the rectal temperatures of selected bats that had been fed an unlimited supply of food or deprived of food for 24 h were measured every hour over a 24-h period, by using a Grant's temperature recorder with fine rectal probes. Individual bats were used for only one period of recording, and killed afterwards to confirm that they were pregnant.
Progesterone assay. The antibody was raised in sheep by injection of progesterone 1 la-hemisuccinate-bovine serum albumin prepared by the mixed anhydride method of Erlanger, Beiser, Borek, Edel & Lieberman (1967) . The conjugate contained 28 mol steroid/mol bovine serum albumin. The specificity of the antibody was assessed by the criteria of Abraham (1969) and the following cross-reactions established: 17a-hydroxyprogesterone (0-4%), pregnenolone (1-5%), testosterone (0-5%), androstenedione (0-04%), oestradiol (0-01%), cortisol (0-005%), androsterone (0-01%) and 20a-dihydroprogesterone (0-02%).
[l,2,6,7-3H]progesterone (sp. act. 90-115 Ci/mmol) was obtained from New England Nuclear Corporation. Progesterone was obtained from Steraloids Inc., or from Sigma. The assay methodology was based on that of Scaramuzzi, Corker, Young & Baird (1975) , modified by dissolving the progesterone standards in ethanol. The small volume of plasma obtained from each bat did not permit division into duplicates and so 100 µ samples for each bat were extracted with petroleum ether. Each new batch of Analar petroleum ether was tested for extraction properties and a typical batch gave 83-7% ±2-2 («=10) recovery of added [3H]progesterone (range 78-88%). No correction was made routinely for procedural losses.
Bound and unbound hormone were separated by dextran-coated charcoal prepared in 0-05 M-phosphate buffer, pH 7-4. Water and solvent blanks were included in each assay and were indistinguishable from zero antigen. The smallest concentration of progesterone significantly different from zero at the 95% confidence limit was 0-00025 nmol/assay tube. This represents a sensitivity of 0-5 nmol/1. Within-assay and between-assay coefficients of variation were 6-5 and 10-5% respectively. External (W.H.O.) and internal quality control samples were included to check the performance of the assay.
Results
In north-east Scotland, bats return to the roosts that they occupy during pregnancy and lactation during the first half of May. In 1978 the second half of May was dry and very warm and the average dusk temperature at Aboyne was 12-5°C, and insects were plentiful in the vicinity (Table 1 ). In 1979 a warm weekend in mid-May, during which the Aboyne colony took up residence (Table 2) , was followed by 2 weeks of wind, sleet and snow. Dusk temperatures fell as low as 2°C on several occasions, and the average temperature at dusk for the second half of May was 5°C. Insect catches in the vicinity were low (Table 1) , and on at least 3 evenings the bats did not emerge from the roost to forage. Since pipistrelles enter hibernation already inseminated (Racey, 1974) , the only available measure of gestation length is the interval between ovulation and parturition. In the colony under observation corpora lutea were first observed on 15 May 1978 and on 12 May 1979 (Table 2) . Parturition began on 25 June 1978 and on 2 July 1979, and in both years 80% of the colony gave birth within 2 days. The interval between first recording corpora lutea and first observing parturition was 41 days in 1978 and 51 days in 1979 ( Table 2) .
Analysis of covariance of the rates of fetal growth in the Aboyne colony in 1978 and 1979 (Text- fig. 1 ) revealed that there is a highly significant difference between the elevations of the two lines (P < 0-001), but no significant difference between the slopes (P > 0-05). This confirms that the overall gestation length was significantly greater in 1979, although the rate of fetal growth after the fetuses had reached measurable weight was not significantly lower. The disparity in overall gestation length between the 2 years was due to the fact that a delay in fetal development occurred in midto late May 1979, before the fetuses were large enough to be weighed, and coincident with the inclement weather. Progesterone concentrations reached a peak about 6 days before the first parturition, and then fell rapidly (Text-fig. 2 ). The peak occurred later in 1979, consistent with the longer gestation period that year. The corpus luteum volume also showed a peak, but the rise to the maximum level was more gradual than that of progesterone (Text-fig. 2 ), and the peak volume occurred later in 1979 than in 1978. In both years the peaks of progesterone and corpus luteum volume coincided.
Throughout the 24-h periods during which body temperatures were being recorded, pregnant pipistrelles that were fed freely maintained their body temperatures within a few degrees of the maximum recorded for each individual. Text- figure 3 shows examples of temperature measurements taken in mid-and late pregnancy, and in a non-pregnant female. The results for individual bats are summarized in Table 3 . The body temperature of pregnant bats which had been deprived of food for 24 h before the start of temperature recording fell to within a few degrees of ambient values and they became torpid. Body temperatures of all individuals rose during the evening at the time that the bats would normally depart from the roost to forage (Text- fig. 3 ). The results of this study show that the length of gestation in pipistrelle bats is affected by environmental factors under natural conditions, and that gestation length in the same colony varied by 10 days between 2 years when weather conditions and insect availability differed appreciably. The gestation period for a large sample of wild-caught pipistrelles has been estimated at 44 days by dissection (Deanesly & Warwick, 1939) , and this figure agrees very closely with a mean interval of 45 days between arousal of inseminated females from hibernation and parturition (Racey, 1973) . In the present work the gestation period was estimated to be 41 days in 1978 and 51 days in 1979. The delay in fetal development in 1979 occurred in early to mid-pregnancy, in the second half of May, corresponding to the cold, wet weather recorded. Pearson, Koford & Pearson (1952) estimated that the gestation length of the lump-nosed bat, Corynorhinus (=Plecotus) rafinesquei, varied between 56 and 100 days over several years, and attributed this variation to delayed development in the preimplantation stages of pregnancy, although Racey (1973) showed that such delay can also take place after fetuses have reached a palpable size. Smith (1956) reported a 5-fold increase in the metabolic rate of little brown bats, Myotis lucifugus, during pregnancy, and since body temperature and metabolism are related in heterothermic bats (Hanus, 1959) , it follows that the body temperature of a pregnant bat is important in controlling the rate of fetal growth. Experiments in the present study showed that over a 24-h period pregnant females maintain their body temperature not far below the maximum recorded provided they have an adequate supply of food, unlike the single non-pregnant female studied in which body temperature fell. The present investigation has also shown that, if deprived of food, pipistrelles reduce their body temperature to within a degree or two of ambient values. The paucity of flying insects at Aboyne in May 1979 would therefore have resulted in a reduction of body temperature and a consequent lengthening of gestation.
The ability to maintain higher body temperature during pregnancy has been observed in other species of heterothermic bats by Studier & O'Farrell (1972) , who also showed that this ability did not persist during lactation. The metabolites of the pregnancy hormone progesterone, particularly etiocholanolone, are pyrogenic (Kappas, Soybel, Glickman & Fukushima, 1960) , and it is possible that the high plasma concentration of progesterone in pregnant pipistrelles is associated with their ability to maintain higher body temperatures and consequently to maintain fetal growth. Temperature measurements of non-pregnant females with and without pro¬ gesterone treatment are planned to confirm this. The peak in progesterone levels (Text- fig. 2 ) consistently occurs about 6 days before the first parturition, at the time when the fetus is increasing in size most rapidly. The corpus luteum volume similarly reaches a peak about 6 days before the first births occur, but the increase is more gradual than that of the progesterone level, indicating a lag between hypertrophy of the luteal cells and their increased functional capacity.
